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Backlash Estimation of a Seeker Gimbal with Two-Stage Gear Reducers
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Abstract

A unique technique to estimate the magnitude or contribution ratio of each stage backlash in a system with
a two-stage gear reducer is proposed. The concept to estimate the magnitude or contribution ratio of each
stage backlash is based on the change of frequency response characteristic, in particular, the change of anti-
resonant frequency and resonant frequency, due to the change of each stage backlash magnitude, even though
the total backlash magnitude of a system with a two-stage gear reducer is constant. The validity of the
technique is verified in a seeker gimbal and satisfactory results are obtained. It is thought that the diagnosis
and maintenance of the manufacturing machines and systems with two-stage gear reducers will become more
efficient and economical by virtue of the proposed technique.
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Fig. 1 The flow chart of backlash estimation method
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Table 1 Specifications for ADSS and EDSS

Parameter Uhit ADSS | EDSS
N, - 5.94 6.41
k, (N-m/rad) 3.40E4 | 4.74E4
J., (kg-m®) 2.34B-5 | 3.69E-5
k., (N-m/rad) 22.8 1.54E2
J (kg-m’) 8.30E-8 | 2.04E-7
Jo (kg m’) 2.21E-7 | 4.84E-7

N_N, 10.5 7.75
k. k., (N-m/rad) | 7.74E4 | 2.54E5
J, (kg-m’) 2.75E-3 | 1.44E-2
T,, (N-m) 7.0E-3 | 7.1E-3
b, (Degree) 0.066 0.276
L (H) 8.50E-4
R () 4.10
k, {V -sfrad) 3.44E-2
k, (N-m/4) 3.49E-2
J. (kg-m’) 8.60E-6
7. (N-m) 1.40E-2
k. - 4.11
k. {V-sfrad) 8.60E-2
723439
Gy(s) 5% +1710s + 723439
B, (N-m/irad/s)) 1.6E-4
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Table 2 The simulation and experiment results of ADSS and EDSS according to the contribution ratio (Exp:

Experiment)
Case Contribution b b Anti-resonant Resonant
as Ratio (%) ! 2 (dB/ Hz) (dB/Hz)
1 0 0° 0.066° -33.6/125 -12.8/127
2 25 0.173° 0.0495° -33.5/131 -14.3/135
3 50 0.347° 0.0330° -33.3/134 -14.0/ 145
ADSS 4 75 0.519° 0.0166° -32.2/137 -9.6/149
5 100 0.693° 0° -30.8/ 141 0.2/153
Exp. 23 0.161° 0.051° -22.3/7128 -18.6 /137
1 0 0° 0.276° -24.7/50 -34/79
2 25 0.535° 0.207° -23.7/51 -15.1/84
3 50 1.07° 0.138° -27.5/52 -3.2/97
EDSS 4 75 1.60° 0.069° -20.8/52 -5.9/92
5 100 2.14° 0° -22.4/51 -3.9/89
Exp. 4 0.0856° 0.265° -14.6 / 40 -1.8/75
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(b) The first stage backlash measurement of the EDSS

Fig. 10 Examples of the backlash measurement of ADSS
and EDSS using a microscope
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Contribution Ratio(%)

(a) The error index of the ADSS

Contribution Ratio (%)

(b) The error index of the EDSS

Fig. 11 The error indices of ADSS and EDSS according
to the contribution ratio
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Damping Factor

(a) The damping factor at the ARF and RF of ADSS
and EDSS

7
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(b) The frequency reduction ratio at the ARF and RF of
ADSS and EDSS

Fig. 13 The damping factor and frequency reduction
ratio of ADSS and EDSS
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